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regenerator, wherein the catalyst particles are contacted with the regeneration gas from the second coke-burning zone, the

supplemented dry air, and an inert gas in the first coke-burning zone; introducing an oxygen-containing regeneration gas from the
second coke-burning zone into the regenerator, wherein said gas Is contacted with the catalyst particles from the first coke burning
zone; withdrawing the regeneration gas from the regenerator through the first coke-burning zone and, after the recovery system,
recycling it to the second coke-burning zone. The regeneration gas may pass the catalyst bed In either a centrifugal or centripetal
way. This process prevents the regeneration gas with a high water content from contacting the catalyst at a high temperature as In
the conventional continuous coke-burning processes for regenerating catalyst particles and thereby reduces the decreasing rate of

the specific surface area of the catalyst and prolongs its service life.
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Abstract

A process for conunuously regenerating catalyst particles comprising;
passing deactivated catalyst particles downwards in sequence through the
first coke-bummg zone, second coke-burning zone, oxychlonnanon zone,
and calcination zone in the regenerator, wherein the catalyst particles are
contacted with the regeneration gas from the second coke-burning zone, the
supplemented dry air, and an inert gas in the first coke-burning zone;
mmtroducing an oxygen-containing regeneration gas from the second coke-
burning zone into the regenerator, wherein said gas is contacted with the
catalyst particles from the first coke buming zone; withdrawing the
regeneration gas from the regenerator through the first coke-burning zone
and, after the recovery system, recycling it to the second coke-burning zone.
The regeneration gas may pass the catalyst bed in either a centrifugal or
centripetal way. This process prevents the regeneration gas with a high
water content from contacting the catalyst at a high temperature as in the
conventional continuous coke-burning processes for regenerating catalyst
particles and thereby reduces the decreasing rate of the specific surface area

of the catalyst and prolongs 1ts service life.
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A Process for Continuously Regenerating Catalyst Particles

The present invention relates to a process for regenerating a catalyst used
1 hydrocarbon conversion, more particularly, it relates to a process for
continuously regenerating catalyst particles.

Catalytic reforming is an important technology for producing high octanc
gasoline and aromatics, and by-product hydrogen, wherein the reactions
taking place include dehydrogenation, dehydrocyclization, 1somerization,
cracking and coking, etc. The coke formed by coking deposits on the
surface of the catalyst and causes it to deacttvate, so there i1s a need to
regenerate the catalyst and restore it activity through regeneration.
Regeneration generally includes coke-buming, oxychlaorination, calcination
and reduction. Coke-burning is to bum off the coke deposited on the
catalyst and carry away the heat generated in buming with an oxygen-
containing gas. Oxychlorination is to complement the chlorine component
lost from the caalyst and oxidize the actjve metal components and
?mifonnly distribute them on the surface of the catalyst support. C'alcination
1s to remove water contained in the catalyst. Reduction is to reduce active
metal components in oxidized states in a hydrogen atmosphere.

Currently, a radial bed is adopted in the main-body configuration of the
coke-burming zone of a continuous reforming regenerator in industry,
wherein the catalyst particles slowly move downwards in the annular bed by
means of gravity, and an OXygen-contaiming regeneration gas jpasses. the
catalyst bed along the radial direction, thereby realizing the continuous
coke-buming,

T'he service life of the reforming catalyst mainly depends on the
decreasing rate of its specific surface area and the major factors that affect
the decreasing rate of the specific surface area are the moisture of the
regeneration gas, the regeneration temperature, and the residence time of the
catalyst within the high temperature zone. It has been potnted out by O.
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Clause et al mm “Continuing Innovation in Cat Reforming (1998 NPRA,
AM-98-39) that the loss of the specific surface area of the catalyst reduces
along with the decrease of water content in the regeneration gas. The trace
amount of o1l vapor adsorbed by the carbon-containing deactivated catalyst
from the reaction system and the coke deposited an the catalyst will
generate a great amount of steam during burning reaction. thereby resulting
In a relatively high content of water in the regeneration gas. Besides, an
environment of high temperature and high moisture will exert an adverse
ettect on the physical properties of the catalyst because coke-buming s
carried out at a high temperature, thus causing a loss of the specific surface
area of the catalyst and the agglomeration of plattnum particles and
affecting the activity of the catalyst. In the meanwhile, the presence of a
large amount of steam will speed up the loss of the acidic component,
chlorine, from the catalyst.

For a radial coke-burning bed, at the inlet of the bed when the catalyst
having a high carbon content contacts the OXygen-containing regeneration
gas transversely passing the catalyst bed, a great amount of heat is released
from coke-buming. Such heat congregates gradually towards the inner
screen and causes the temperature at the upper part of the bed to rise, while
the temperature at the lower part of the bed rises shightly because the
content ot carbon in the catalyst is low and less heat is released. Therefore,
the radial bed has the disadvantage of the irrationality of the temperature
distnibution throughout the whole bed. The hi gh temperature zone in the
upper part of the bed will exert an adverse effect on the catalyst
performiance. while the temperature at the lower part is relatively low and
there 1s a potential to further enhance the capacity of coke-buming.
Consequently, proper adjustment of the temperature distribution within the
bed will have a positive effect on 'pmtecting the catalyst performance and
prolonging its service life.

The early form of the coke-burning zone of a continuous retorming
regenerator 1s a strip-shape one. For example, in the technologies provided
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in USP 3,692,496, USP 3,725,249, USP 3,761,390, and USP 3,838,038, the
catalyst particles slowly move downwards within a strip-form space by
means ot gravity, and the regeneration gas is introduced from one side and
withdrawn from the other side. After passing through an caustic scrubbing
unit and a regeneration gas blower, the regeneration gas retumns to the coke-
burning zone of the regenerator for recycle use. Oxygen required for coke-
buming is supplemented partially by the oxygen-containing gas from the
oxychlorination zone. Since there is no drying system in the recycle loop of
the regeneration gas of the above patents. the water content in the
regeneration gas 1s relatively high, thereby affecting the service life of the
catalyst.

In the thermal regeneration technology provided in USP 4,578,370, the
coke-buming zone In the regenerator is a section of radial bed configuration
and the catalyst particles slowly move downwards in an annular space by
means of gravity. The gas space between the outer screen of the coke-
burming zone and the inner wall of the regenerator is divided into two parts.
Alter collected in the central pipe, the regenefatian gas 1s withdrawn irom
the regenerator, a small portion of which is vented and the remainder passes
through a regeneration gas blower and is divided into two parts. One part
enters the upper coke-burning section via an air cooler and a heater, and the
other part directly enters the lower coke-buming scction. Since no drying
system 1s provided in the recycle loop of the regeneration gas, the water
content 1n the regeneration gas 1s adjusted by supplementing air and venting
rcgeneration gas to finally reach a balanced value. The content of water in
the regeneration gas is always maintained at a relatively high level, thus

exerts an adverse effect on the catalyst performance.

In the regeneration technology provided in USP 4,859,643 and USP
5,277,880, the coke-burming zone of the regenerator has a tapered
configuration. The bed has different thickness at different axial positions.
This can improve the gas dicstribution along the axial position. The upper
part of the bed is thinner and the amount of distributed gas is greater, while
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the lower part of the bed is thicker and the amount of distributed gas 1s less,
thus better satisfying the requirement for oxygen at different axial positions
and reducing the residence time of the catalyst in the high temperature zonc
In the upper part of the bed. However, since no drying system is provided in
the recycle loop of the regeneration gas, the content of water in the
regeneration gas 1s relatively high.

In the thermal regenerating technology provided in USP 4,880,604 and
USP 4,977,119, the coke-burning zone of the regenerator has a strip-shape
configuration. The catalyst particles slowly move downwards within the
strip-shaped space by means of gravity. The upper part and the lower part of
the outer screen have different perforation rates, thereby permitting different
distnbutions of the regeneration gas along the axial direction, so that a
greater amount of the gas is distributed to the upper part, while less amount
of the gas is distributed to the lower part, so it is beneficial to meeting the
needs for oxygen i different axial positions. However, since no drying
systemn 1s provided in the recycle loop of the regencration gas, the content of
water 1n the regeneration gas is relatively high.

In most of the technologies introduced in the above patents, the contents
of water m the recycled regeneration gases are all relatively high and the
coke-burning for regenerating the cataiy.t:t particles 1s carried out in an
environment of high temperature and high water content. Such an
environment 1s casy to cause a loss of the specific surface area of the
catalyst, thereby shortening its service life. Moreover, there commonly
exists the problem of high temperatures at the inner screen of the upper par
of the radial bed. Although USP 4,859,643, USP 5,277,880, USP 4,880,604,
and USP 4,977,119 propose a bed configuration having a tapered
configuration and different perforation rates and thereby increasc the
amount of oxygen required in the upper part of the bed, but consequently
the temperature near the inner screen in the upper part of the bed is raised
and therefore the problem of the urrationality of the temperature distribution
in the radial bed has not yet been solved.
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In the dry regeneration technology provided in USP 5,034,177, the
catalyst bed in the coke-buming zone is divided into two sections which are
same 1in the configuration and size but somewhar different in the conditions
at the inlets, namely the inlet temperature of the regeneration gas in the
sccond section of the bed 1s higher than that in the first section of the bed
and air 1s supplemented via the space between the two sections to maintain
the oxygen content at a level as required in each section respectively. After
passing through the first and second coke-buming sections in sequence, the
regeneration gas 1s withdrawn from the regenerator and mixed with the
outlet gas from the oxychlorination zone. Said regeneration gas is then
introduced into the scrubbing and drying system and sent back to the first
coke-burning section of the regenerator through the recycling compressor.
Although the water content in the recycled regeneration gas entering the
regenerator 1s relatively low because of the drying system provided in the
recycle loop of the regeneration gas, the catalyst is still in an environment ot
high temperature and high water content because when the regeneration gas
enters the second coke-buming section directly from the first coke-burning
scction, the steam generated in the first coke-buming section in the upper
part by the buming reaction of the small amount of hydrocarbons and
hydrogen in coke carried by the deactivated catalyst also enters the second
coke-buming section. Such an environment may result in a rapid decrease in
the specific surface area of the catalyst and affect its service life.

In summary, there are mainly two types of coke-burning zones in the
regenerators of the prior arts. One 1s a rwo-sectioned radial bed with a
drying system provided in the loop of the recycled regeneration gas, and the
other 1s a one-sectioned radial bed without a drying system in the loop of
the recycled regeneration gas. In the former, the steam generated by the
coke-burming in the upper part of the bed entirely enters the lower coke-
burming section, resulting io that the final coke-burning is completed in an
environment with high water content. In the latier, the water content in the

regeneration gas 1s even higher and the temperature near the inner screen in
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the upper part of the bed is relatively high, so the coke-bumning is completed
In an environment of high temperature and high water content. As a result.
both of the above types of coke-burning have the problem that the catalyst is
In an environment of high temperature and high water content, which affects
the service life of the catalyst.

The object of the present invention is to provide a process for
continuouély regenerating catalyst particles under an environment of lower
temperature and lower water content compared with the prior arts.

Brief description of the invention

The process provided by the present invention comprises: passing carbon-
containing deactivated catalyst particles from moving-bed reactors downwards
In sequence through the first coke-burning zone, second coke-burning zone,
oxychlorination zone, and calcination zone in the regenerator, wherein the
deactivated catalyst particles are contacted, in the first coke-burning zone, with
the regeneration gas from the second coke-buwrning zone, the supplemented dry
air and an inert gas; afier coke-buming in the first coke-burning zone,
withdrawing said regeneration gas from the rcgencrator via the first coke-
burning zone; and after the recovery system, sending it back to the second
coxe-burning zone, where it is contacted with the catalyst particles from the
first coke-burnmng zone. Said recovery system includes a drying step.

A preferred process for continuously regenerating catalyst particles
according to the present invention comprises: passing deactivated caralyst
particles from moving-bed reactors downwards in sequence through the first
coke-burning zone, seccond coke-buming zone, oxychlorinalion zone, and
calcination zone in the regenerator by means of gravity; introducing a dry
OXygen-containing regeneration gas via the bottom of the second coke-
burning zone at an inlet temperature of 480-520°C, and passing it through
the catalyst bed of the second coke-burmning zone along the radial direction
in a centrifugal or centripetal way to burmn off the small amount of coke

remaining on the catalyst particles; cooling said regeneration gas from the
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catalyst bed of the second coke-burning zone to 410-480°C by adding a dry
air for supplementing oxygen and a dry inert gas; and subsequently
introducing said regeneration gas into the first coke-burning zone and
passing it through the catalyst bed of the first coke-burning zone along the
radial direction in a centrifugal or centripetal way to burn off most coke
on the catalyst particles; withdrawing the regeneration gas from the
regenerator, mixing it with the outlet gas from the oxychlorination zone,
and passing 1t then into the recovery system including drying step and
then into the compressor; heating the compressed dry regeneration gas
to a temperature of 480-520°C and sending it back to the second coke-
burning zone, thus forming a recycle loop, wherein the oxygen content of
the regeneration gas at the inlet of each coke-burning zone is 0.2-1.0
v%; the water content of the regeneration gas entering the second coke-
burning zone 1s 10-200 ppmv; and the operating pressure in the
regenerator 1s 0.3-0.9 MPa (absolute).

According to an aspect of the present invention, there is provided a
process of continuously regenerating catalyst particles comprising passing
deactivated catalyst particles downwardly, in sequence, through a first
coke-burning zone, said first coke-burning zone comprising a radial bed,
an inner screen and an outer screen; a second coke-burning zone, said
second coke-burning zone comprising a radial bed, an inner screen and an
outer screen; an oxychlorination zone and a calcination zone, wherein said
deactivated catalysts particleé are contacted in said first coke-burning zone
with regeneration gas from said second coke-burning zone, supplementary
dry air and an inert gas; said regeneration gas being withdrawn from said
first coke-burning zone and recycled back into said second coke-burning
zone where 1t 1s contacted with said catalyst particles previously contacted
In said first coke-burning zone, said regeneration gas having a water
concentration of 10 to 200 ppmv.

According to another aspect of the present invention, there is provided a
process of continuously regenerating catalyst particles comprising passing

deactivated catalyst particles from moving bed reactors downwardly by

gravity, 1n sequence, through a first coke-burning zone, said first coke-
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burning zone comprising a radial bed, an inner screen and an outer screen;
a second coke-burning zone, said second coke-burning zone comprising a
radial bed, an inner screen and an outer screen; an oxychlorination zone;
and a calcination zone wherein a dry oxygen-containing gas at a
temperature in the range of between 480° C and 520° C is introduced into
the bottom of said second coke-burning zone; passing said gas through a
catalyst bed of said second coke-burning zone 1n a centrifugal or
centripetal radial direction wherein coke present on said catalyst particles
is burned off; cooling said gas from said second coke-burning zone to a
temperature in the range of 4100 C to 480° C by adding dry air and a dry
inert gas; introducing said gas, passed through said second coke-burning
zone, into said first coke-burning zone; passing said gas through a catalyst
bed of said first coke-burning zone in a centrifugal or centripetal radial
direction wherein coke is burned off said catalyst particles; withdrawing
said gas from said first coke-burning zone; mixing said withdrawn gas with
outlet gas from said oxychlorination zone; drying said gas in a recovery
system wherein said gas 1s dried; passing said dry gas through a
compressor; heating said compressed dry gas to a temperature in a range
of 480° C to 520° C; and recycling said heated compressed dry gas to said
second coke-burning zone wherein said recycled gas enters said first and
said second coke-burning zones having an oxygen concentration in a range
of 0.2 to 1.0 v %; and wherein said recycled gas enters said second coke-
burning zone having a water concentration of 10 to 200 ppmv, said process

occurring at an operating pressure in the range of 0.3 MPa to 0.9 MPa.

Brief description of the drawings
Figs. 1-4 are the schematic flow diagrams of the first to

fourth embodiments of the process provided by the present invention
respectively; Figs. 5 and 6 are the schematic flow diagrams when the
process provided by the present invention is carried out in a regenerator
comprising a first coke-burning zone with varying thickness of catalyst bed;
Fig. 7 i1s a diagram showing the variation in the specific surface area

of the catalyst as a function of time; Fig. 8 is a diagram showing the

7a
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static pressure of the regeneration gas in a flow pattern of a centripetal
Z type near the inner screen and the outer screen as a function of the axial
position; and Fig. 9 1s a diagram showing the static pressures of the
regeneration gas in a flow pattern of a centrifugal Z near the inner screen

and the outer screen as a function of the axial position.

Detailed description of the invention

The regenerator comprises from top to bottom a first coke-burning zone,

7b
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second coke-bumning zone, oxychlorination zone, and calcination zone in
SEquence.

Deactivated catalyst particles from moving-bed reactors enter the
regenerator, and movce slowly downwards by means of gravity within the
annular space of the first coke-burning zone, where they are contacted with
the regeneration gas from the second coke-buming zone, the supplemented
dry air and an inert gas, and subsequently the deactivated catalyst particles
from which most of the coke is bumt off enter the second coke-burning
zone and come Into contact with the dry regeneration gas, and then the
catalyst particles from which the small amount of remaining coke is burnt
off pass in sequence through the oxychlorination zone for dispersing the
metallic components and supplementing chlorine, and the calcination zone
for drying the catalyst, and thereafter leave the regenerator, wherein said
recovery system includes a drying step.

A dry oxygen-conuaining regeneration gas is inrroduced via the bottom
of the second coke-burning zone at an inlet temperature in the range of 480
- 520°C and passed through the catalyst bed of the second coke-burning
zone along the radial direction in a cenrifugal or centripetal way to burn off
the small amount of remaining coke on the catalyst particles. The
regeneration gas {rom the catalyst bed of the second coke-burning zone is
cooled down to a temperature of 410-480°C by adding a dry air for
supplementing oxygen and a dry inert gas, and then is introduced into the
first coke-buming zone and passed through the catalyst bed of the first
coke-burning zone along the radial direction 1o a centrifugal or centripetal
way to burn off most of the coke on the catalyst particles. Said regeneration
gas 18 then withdrawn from the regenerator, mixed with the outlet gas from
the oxychlorimation zone, passed through a recovery system including
drying step and cnters a compressor, and then the compressed dry

regencration gas 1s heated to a temperature of 480-520°C and sent back to
the second coke-burning zone, thus forming a recycle loop, wherein the

oxygen content of the regeneration gas at the inlet of each coke-burning
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zone 15 0.2-1.0 v%; the water content of the regeneration gas entering the
second coke-burning zone is 10-200 ppmv; and the operating pressure in the
regenerator 1s 0.3-0,9 MPa (absolute).

Said inner screen in the first coke-burning zone may be a cylinder in
shape with either a uniform diameter or varied diameters. When the inner
screen in the first coke-burning zone is a cylinder with varied diameters, the
diameter of the outer screen does not change with the height, while the
diameter of the inner screen may taperingly decease linearly from top to
bottom, with the minimal diameter being 60-90% of the maximal diameter:
the diameter of the inner screen may also decrease in a straight down
manner from the poimnt at 40-60% of the height of the first coke-burning
zone from top 1o bottom, with the bottom diameter being 60-90% of the top
diameter. Said inner screen of the second coke-burning zone is a cylinder
with a uniform diamctcr. The thickuess of the bed in the first coke-burming
zonec changes along the axial position, thereby the gas passing through the
upper bed 18 more than that passing through the lower bed, so as to
advantageously meet the need of the catalyst having a high carbon content

In the upper bed for oxygen.
Said dry air comes from a separate air compressing system, and the dry

inert gas may come from either outside sources or the loop of the
regencration gas.

Said catalysts applied in the present invention can be any type of
catalysts for hydrocarbon conversion, especially the catalysts suitable for
conunuous catalytic reforming or bi- (or multi)-metal catalysts containing
other promoters.

Coke-burning of the deactivated catalyst particles may be carried out
either 1n the first annular coke-burning zone and the second annular coke-

burning zone, or in the first annular coke-burning zone with varied bed
thickness and the second annular coke-buming zone. Each case has at least

four embodiments.
The coke-buming of the deactivated catalyst particles in the first annular
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coke-burning zone and the second annular coke-burning zone is taken as an
example, to specifically illustrate cach embodiment of the process according
to the present invention as follows.

Embodiment 1:

Deactivated catalyst particles from the reactor enter the first coke-
buming zone of the regenerator from the top downwards and come into
contact with the oxygen-containing regeneration gas from the s=cond coke-
burning zone, the supplemented dry air and an inert gas; the deactivated
catalyst particles from which most of the coke is burnt off enter the second
coke-buming zone and come into contact with the dry oxygen-containing
gas from the recycle loop; the deactivated catalyst particles from which the
small amount of remaining coke is bumnt off pass in sequence through the
oxychlorination zone for dispersing the metallic components and chlorine
supplementation and the calcination zone for drying the catalyst, and then
leave the regenerator, The flow direction of the regenceration gas in the coke-
buming zones 1s as follows: The recycled regeneration gas enters the space
formed by the inner screen of the second coke-burning zone from its botton;
passing in sequence through the inner screen, radial bed and outer screen of
the second coke-bumning zone, said regeneration gas enters the space formed
by the inner screen of the first coke-burning zone; after passing in sequence
through the mner screen, radial bed and outer screen of the f{irst coke-
bumning zone, said regeneration gas leaves the regenerator; and afterwards
the dry and compressed regeneration gas is recyeled back to the bottom of
the second coke-burning zone.

Embodiment 2:

Deactivated catalyst particles enter the first coke-burning zone of the
regenerator from the top downwards and come mto contact with the
oxygen-containing regeneration gas from the second coke-buming zone, the
supplemented dry air and an inert gas; the deactivated catalyst particles
from which most of the coke is bumt off enter the second coke-buming
zone and come Into contact with the dry oxygen-containing regeneration gas

10
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from the recycle loop; the deactivated catalyst particles from which the
small amount of remaining coke is burnt off pass in sequence through the
oxychlormation zone for chlorine supplementation and the calcination zone
for drying the catalyst, and then leave the regenerator. The flow direction of
the rcgeneration gas in the coke-buming zones is as follows: The recycled
regeneration gas via the bottom of the second coke-burning zone passes in
sequence through the outer screen, radial bed and inner screen, and enters
the space formed by the inner screen of the second coke-burning zone and
then enters the space formed by the inner screen of the first coke-burning
zone, after passing in sequence through the inner screen, radial bed and
outer screen of the first coke-burning zone, said regeneration gas leaves the
regenerator; and afterwards the dry and compressed regeneration gas is
recycled back to the bottom of the second coke-burmning zone.

Embodiment 3:

Deactivated catalyst particles enter the first coke-bwning zone of the
regenerator from the top downwards and come into contact with the
OXygen-containing regeneration gas from the second coke-burming zone, the
supplemented dry air and an inert gas; the deactivated catalyst particles
from which most of the coke is bumt off enter the second coke-burning
zone and come nto contact with the dry oxygen-containing regeneration gas
from the recycle loop; the deactivated catalyst particles from which the
small amount of remaining coke is burnt off pass i sequence through the
oxychlormation zone for chlorine supplementation and the calcination zane
for drying the catalyst, and then leave the regenerator. The flow direction of
the regeneration gas in the coke-burning zones 1s as follows: The recycled
regeneration gas via the bottom of the second coke-burning zone, passes in
sequence through the outer screen, radial bed, and inner screen, and enters
the space formed by the inner screen of the second coke-burning zone; and

then said regeneration gas enters the annular space formed between the
outer screen of the first coke-buming zone and the imner wall of the
regenerator, passes in sequence through the outer <creen, radial bed and

]
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mmner screen of the first coke-burning zone and then Jeaves the regenerator;
and afterwards the dry and compressed regeneration gas is recycled to the
bottom of the second coke-burning zone.

Embodiment 4:

Deactivated catalyst particles enter the first coke-buming zone of the
regencrator from the top downwards and come into contact with the
oxXygen-contamnmg regeneration gas from the second coke-burning zone, the
supplemented dry air and an inert gas; the deactivated calalyst particles
from which most of the coke is bumt off enter the second coke-burning
zone and come into contact with the dry OXygen-containing regeneration gas
from the recycle loop; the deactivated catalyst particles from which the
small amount of remaining coke is burnt off pass in sequence through the
oxychlorination zone for chlorine supplementation and the calcination zone
for drying the catalyst, and then leave the regeéngrator. The flow direction of
the regeneration gas in the coke-burning zones is as follows: The recycled
regencration gas via the bottom of the second coke-buming zone enters the
space formed by its inner screen, passes in sequence through the inner
screen, radial bed, and outer screen therein, and enters the annular space
tormed between the outer screen of the first coke-burming zone and the
mner wall of the regenerator; then said regeneration 2as passes in sequence
through the outer screen, radial bed and inner screen of the first coke-
burning zone, and leaves .the regenerator; and afterwards the dry and
compressed according to regeneration gas is recycled to the boitom of the
second coke-buming zone.

The process provided by the present invention will be parlicularly
described on the basis of the drawings, but the process provided by the

- present invention is not limited to the tollowing embodiments. Alsa, the

torm and the size of the apparatus and pipes are not limited by the drawings,

but are determined according to the particular situations.
Figs. 1-4 are respectively the schematic flow diagrams of the first to the

fourth embodiments of the process provided by the present invention
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showing that the coke-burning is conducted in an annular first coke-buming
zone and an annular second coke-burning zone; and Figs. 5 and 6 are the
schematic flow diagrams of the process provided by the present invention
showing that the coke-burning is conducted in a regenerator comprising a
first coke-burning zone with varied bed thickness.

Coke-burning of the deactivated catalyst particles can be conducted in
the annular first coke-buming zone and second coke-burmning zone.

As shown in Fig. 1, the flow diagram of the first embodiment is as
follows:

Deactivated catalyst particles enter regenerator 2 through line 1, and then
enter bed 4a of the annular first coke-bumning zone 4 through a plurality of
diplegs 3 and are contacted with the regeneration gas from the second coke-
burning zone 7, the dry air from line 6 and a dry inert gas from line 20.
Arter most of the coke deposited thereon is burnt off, said catalyst particles
move slowly downwards by means of gravity, enier bed 7a of the second
coke-burming zone 7 through diplegs 5, and are contacted with the recycled
regeneration gas from line 19. After the remaining coke deposited thereon is
burnt off, said catalyst particles enter the oxychlorination zone 9 (the
chlorine-containing gas is not indicated n the Figure) through diplegs 8.
After oxychlornation, said catalyst particles enter the calcination zone 11
through diplegs 10 for drying the catalyst (the oxygen-containing gas is not
mdicated 1 the Figure). Then the regenerated catalysi particles leave the
regenerator 2 through line 12.

The recycled regeneration gas enters the space formed by the inner
screen /¢ of the second coke-burning zone 7 from its bottom through line 19,
then passes through the inner screen 7c and enters the radial catalyst bed 7a
to come into contact with the catalyst particles carrying a small amount of
coke, Said regeneration gas passes through the outer screen 7b and then
enters the space formed by the inner screen 4¢ of the first coke-burning zone
4, Then said regeneration gas pasces through the inner screen 4¢ and enters
the radial catalyst bed 4a to come into contact with the deactivated catalyst

13

N N S L] ) BN B ke 5 R 1 o3t = 313 Al e [WWS b BRI Sy T U IRAR | 34 2T drhoe s Al TR - o AV e i T T ws e v e S aeiek cesus 58 S SR o Bt e T oA rae
: ) . Tt L (. Te ot T L SRR XY Ty AT I, Lt @ me



CA 02344015 2001-04-17

particles. Said regeneration gas then passes through the outer screen 4b,
leaves regenerator 2 and enters the recovery system 14 through line 13.

Subsequently, the dry gas enters the compressor 16 through line 15 and the
compressed gas after being heated by heater 18 is recycled to the bottom of

the second coke-burning zone 7 through line 19.

Deactivated catalyst particles enter régenerator 2 through line 1, and then
enter bed 4a of the annular first coke-burning zone 4 through a plurality of
diplegs 3 and come into contact with the regeneration gas from the second
coke-burning zone 7, the dry air from line 6 and a dry inert gas from line 20.
After most of the coke deposited thereon is burnt off. said catalyst particles
move slowly downwards by means of gravity, enter bed 7a of the second
coke-burning zone 7 through diplegs 5, and come into contact with the
recycled regeneration gas from line 19. Afier the remaining coke deposited
thereon 1s bumt off, said catalyst particles enter the oxychlorination zone 9
(the chlorine-containing gas is not indicated in the Figure) through diplegs 8.
After oxychlorination, said catalyst particles enter the calcination zone 11
through diplegs 10 for drying the catalyst (the oXygen-containing gas is not
indicated in the Figure). Then, the regencrated catalyst particles leave
regenerator 2 through line 12.

The recycled regeneration gas enters the regenerator 2 from the bottom
of the second coke-buming zone 7 through line 19, then passes through the
outer screen 7b and enters the radial bed 7a, and comes into contact with the
catalyst particles carrying a small amount of coke. Said regencration gas
then passes through the inner screen 7¢ and enters the space formed by the
1nner screen 7¢ of the second coke-burning zone 7 and then enters the space
formed by the inner screen 4c of the first coke-buming zone 4. Then, it
passes through the inner screen 4c of the first coke-burning zone 4 and
cnters the radial catalyst bed 4a, and comes into contact with the deactivated
catalyst particles. Said regeneration gas then passes through the outer screen
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4b and leaves regenerator 2, and then enters the recovery system 14 through
line 13. The dry gas enters the compressor 16 trough line 15. The
compressed gas after being heated by heater 18 is recycled to the bottom of
second coke-buming zonc 7 through line 19.

As shown n Fig. 3, the flow diagram of the third embodiment is as
follows:

Deactivated catalyst particles enter regenerator 2 through line 1, and then
enter bed 4a of the annular first coke-burning zone 4 through a plurality of
diplegs 3 and come nto contact with the regeneration gas from the second
coke-burming zone 7, the dry air from line 6 and a dry inert gas from line 20.
After most of the coke deposited thereon is burnt off, said catalyst particles
move slowly downwards by means of gravity, enter bed 7a of the second
coke-buming zone 7 through diplegs 5, and come into contact with the
recycled regeneration gas from line 19. Afier the remaining coke thereon is
burmmt off, said catalyst particles enter the oxychlorination zone 9 (the
chlorine-containing gas 1s not indicated in the Figure) through diplegs 8.
Atter oxychlonnation, said catalyst particles enter the calcination zonc 11
through diplegs 10 for drying the catalyst (the oxygen-containing gas is not
indicated 1n the Figure). The regenerated catalyst particles leave regenerator
2 through line 12.

The recycled regeneration gas enters the regenerator 2 from the bottom
of the second coke-buming zone 7 through line 19, then passes through the
outer screen 7b and enters the radial bed 7a, and comes into contact with the
catalyst particles carrying a8 small amount of coke. Said regeneration gas
then passes through the inner screen 7c¢ and enters in sequence the space
formed by the inner screen 7c¢ of the second coke-burning zone 7 and then
enters the annular space formed by the outer screen 4b of the first coke-
buming zone 4 and the inner wall of the regencrator. Said regeneration gas

then passes through the outer screen 4h of the first coke-burning zone 4 and
enters the radial catalyst bed 4a, and comes into contact with the deactivated

catalyst particles. Said regeneration gas then passes through the inner screen
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4c and leaves regenerator 2 from the space formed by the inner screen 4c of
the first coke-burning zone 4, and enters the recovery system 14 through
line 13. The dry gas enters the compressor 16 through line 15. The
compressed gas after being heated by heater 18 is recycled to the battom of
the second coke-burning zone 7 through line 19.

As shown in Fig. 4, the flow diagram of the fourth embodiment is as
follows:

Deactivated catalyst particles enter regenerator 2 through line 1, and then
enter bed 4a of the annular first coke-bumning zone 4 through a plurality of
diplegs 3 and come into contact with the regeneration gas from the second
coke-burning zone 7, the dry air from line 6 and a dry mert gas from line 20.
After most of the coke deposited thereon is bumt off, said catalyst particles
move slowly downwards by means of gravity, entcr bed 7a of the second
coke-burning zone 7 through diplegs 3, and come into contact with the
recycled regeneration gas from line 19. After the remaining coke thereon is
burnt off, said catalyst particles enter the oxychlorination zone 9 (the
chlorine-containing gas is not indicated in the Figure) through diplegs §.
After oxychlorination, said catalyst particles'e:nte:r the calcination zone 11
through diplegs 10 for drying the catalyst (the oxygen-containing gas 18 not
indicated in the Figure). The regenerated catalyst particles leave regenerator
2 through line 12.

The recycled regencration gas enters the space formed by the inner
screen /¢ of the second coke-burning zone 7 from the bottom of the second

coke-burmning zone 7 through line 19, then passes through the inner screen
7c and enters the radial bed 7a, and comes into contact with the catalyst
particles carrying a small amount of coke. Said regeneration gas then passes
through the outer screen 7b and then enters the annular space formed
between the outer screen 4b of the first coke-burning 2one 4 and the inner
wall of the regenerator. Said regeneration gas passes through the outer
screen 4b of the first coke-buming zone 4 and enters the radial catalyst bed
4a, and comes into contact with the deactivated catalyst particles. Then, said
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regeneration gas passes through the inner screen 4c¢ and leaves regenerator 2
from the space formed by the inner screen 4¢ of the first coke-burning zone
4, and enters the recovery system 14 through line 13. The dry gas enters the
compressor 16 through line 15. The compressed gas after being heated by
heater 18 is recycled to the bottom of the second coke-burning zone 7
through line 19.

The diameter of the inner screen of the first coke-burning zone shown in
Fig. 5 reduces linearly from the top downwards. The diameter of the inner
screen of the first coke-buming zone shown in Fig. 6 reduces from the fop
downwards starting from the point at 40-60% of the height of the first coke-

burning zone. Similar to the coke-buming in the anoular first coke-burning
zone with a uniform diameter, these two kinds of configurations also have
four embodiments respectively, of which the basic flow diagram 1s 4s
tollows:

Deactivated catalyst particles enter regenerator 2 through line 1, and then
enter bed 4a of the annular first coke-burning zone 4 with varied bed
thickness through a plurality of diplegs 3 and come inio contact with the
regeneration gas from the second coke-burming zone 7, the dry air from line
6 and a dry inert gas from line 20. After most of the coke deposited thereon
1s burnt off, said catalyst particles move slowly downwards by means of
gravity, enter bed 7a of the second coke-buming zone 7 through diplegs S,
and come into contact with the recycled regeneration gas from line 19. After

the remaining coke thercon is bumt off, said catalyst particles enter the
oxychlorination zone 9 (the chlorinc-containing gas is not indicated in the
Figure) through diplegs 8. After oxychlorination, said catalyst particles
enter the calcination zone 11 through diplegs 10 for drying the catalyst (the
oxygen-containing gas is not indicated in the Figure). The regenerated

catalyst particles lecave regencrator 2 through line 12. The recycled

regeneration gas enters the radial catalyst bed from the bottom of the second
coke-burning zone 7 through line 19 and comes into contact with the
catalyst particles carrying a small amount of coke. Then, said regeneration
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gas enters the radial catalyst bed of the first coke-burning zone, and leaves
regenerator 2 after contacting with the deactivated catalyst particles, and
then enters the recovery system 14 through line 13. The dry gas enters the
compressor 16 through line 15. The compressed gas after being heated by
heater 18 1s rccycled to the bottom of the second coke-burning zone 7

through line 19.

The advantages of the present invention lie in that:

1. Because a relatively low inlet temperature of the regeneration gas 1§
adopted 1 the first coke-burning zone and a relatively high inlet
temperature of the regeneration gas is adopted in the second coke-buming
zone, the bed temperature near the inner screen of the upper bed of the
coke-burning zone is relatively low. This is beneficial to reducing the
decreasing rate of the specific surface area of the catalyst and thus the
service life of the catalyst is prolonged by over 20% as compared with the
convenuional dry regeneration processes. At the same time when the small
amount ol the coke deposited on the catalyst is bumt, the second cake-
burming zone also functions in heating the catalyst and thereby allows the
catalyst to enter the oxychlorination zone at a higher ternperature.

2. Because the dry regeneration gas passes through the second coke-
burning zone first and then passes through the first coke-burning zone, the
great amount of steam generated in the first coke-burning zone is carried
away by the regeneration gas from the regencrator without entering the
second coke-burning zone. Thus, coke-burning in the second coke-burning
zone 1s completed in an environment of low water content, thus preventing
the regeneration gas with high water content from contacting the catalyst
particles at a high temperature during coke-burning in the process of
continuous regeneration of a catalyst. At the same time. it has also the

effects on protecting the performance of the catalyst and prolonging its
service life, ag well ac reducing the lass of the chlotine component. As a

result, on the one hand, the consumption of chlorination agents for
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supplementing chlorine is reduced, and on the other hand, the corrosion of
the regeneration gas to the regeneration system is alleviated.

3. The dechlorination and drying systems for regeneration gas provided
in the regenerative loop reduce the requirement for the material quality of
the lines and the apparatus. The adoption of a flow pattern of the
regeneration gas in the coke-burning zone along the radial direction in a
centritugal manner helps improve the distribution of the regeneration gas
and at the same time the pinning tendency of the catalyst 1n the radial bed is
alleviated, thereby a relatively great flux of the regeneration gas is permitted
and the coke-burning capacity of the regenerator is raised.

Figs. 1-4 are the schematic flow diagrams of the Frst to fourth
embodiments of the process provided by the present invention respectively,
and Fig. 5 and Fig. 6 are the schematic flow diagrams of the process
provided by the present invention when it is carried out in a regenerator
comprising a first coke-buming zone with varied bed thickncss. The
reference signs in the drawings have the following meanings: 2 mdicates the
regenerator, wherein 4 indicates the first coke-buming zone, 7 indicates the
second coKe-burning zone, 9 indicates the oxychlorination zone, 11
indicates the calcination zone; 4a, 4b, 4c¢ indicate the catalyst bed, the outer
screen, and the inner screen of the first coke-burning zone respectively; 7a,
7b, 7c indicate the catalyst bed, the outer screen and the inner screen of the
second coke-burning zone respectively; 3 indicates the diplegs; 5, 8, 10
indicate the diplegs; 14 indicates the recovery systenl; 16 indicates a
compressor; 18 indicates a heater,; 21 indicates a baffle; and |, 6, 12, 13, 15,

17, 19 all indicate the pipe-lines.

Example
The following examples will further describe the process provided by the

present invention, but shall not be construed as limiting the invention.
Example }
The performance of the catalyst is closely related to the variation of its
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specific surface area. In order to Investigate the effect of the water content
In the regeneration gas on the specific surface arca of the catalyst, aging
experiments were conducted on a spheroidal industrial catalyst 3961
(produced by the Catalyst Plant of No.3 refinery, China National Petroleum-

gas Corporation) in atmospheres of various water contents. The conditions
under which the experiments were carried out were as tollows: the gas

phase was nitrogen; the temperature was 650°C; the water contents in the
gas phase were 100 ppmv, 3000 ppmv, 35000 ppmv respectively.

The variation in the specific surface area of the catalyst as a function of
time is shown in Fig. 7. It can be scen from F 1g. 7 that the specific surface
area of the catalyst reduced with extended time of treatment When the
water content 1n the gas phase was equal to that in the regeneration gas
Involved in the present invention, 1.e., 100 ppmv, the decreasing rate of the
Specific surface area was very slow. Bu t, when the water content in the gas
phase was equal to that in the regeneration gas involved in the conventional
process of dry regeneration, i.e., 3000 ppmyv, the decreasing rate of the
specific surface area increascd. When the water content in the gas phasc was
equal to that in the regeneration gas involved in the conventional process of
thermal regeneration, i.e., 35000 ppmy, the decreasing rate of the specific
surface area obviously increased.

[T the above experiment results are correlated with the catalyst life, it can
be concluded that the process for regenerating catalyst particles provided by
the present invention permits the service life of the catalyst to be prolonged
by over 20% compared with the conventional process of dry regeneration
and by 100% compared with the conventional process of thermal
regeneration.

Example 2

The coke-buming zone in the régenerator according to the present
nvention is a radial bed. When the regeneration. gas passes through the
catalyst bed along the radial direction, the distribution of the regeneration
gas along the axial position has some effect on the coke-burning efficiency

20



CA 02344015 2001-04-17

n the regenerator. Therefore, experiments were conducted to study the
relationship between the distribution of the gas along the axial position and
the manner 1in which the gas enters the coke-burning zone.

T'he apparatus and conditions adopted in the cool model experiments
were as follows: the diameter of the outer screen of the radial bed was 400
mm; the diameter of the inner screen was 130 mum; the height of the
perforated zone of the bed was 1307 mm; the catalyst was a spheroidal vy-
Al,O; support without any active components thercon; the average diameter
of said support was 1.8 mm; the gas used in the experiments was air at a
flow rate of 200-800 m’/h.

The flow pattern of said gas is defined as the Z type, flowing in the
manner of entering from the top and exiting from the bottom or vice versa:
flowing from outside to inside along the radial direction is defined as the
centripetal type, and flowing from mside to outside is defined as the
centrifugal type. The two Z type flow patterns, namely the ceniripetal type
and the centrifugal type, for the gas to flow in and out were investigated
respectively; the gas flow rate used was 800 m°/h. The distribution profiles
of the static pressure at the inner screen and the outer screen for the above
two cases were obtained as shown in Fig, 8 and Fig. 9 respectively. The
driving force for the gas to pass through the radial bed comes from the
difference between the static pressures at the inner screen and the outer
screen. If such differences are identical at different axial positions of the bed,
the gas distribution is uniform along the axial direction. It can be seen from
Fig. 8 and Fig. 9 that the difference between the static pressures at the inner
screen and the outer screen in a centripetal Z type radial bed vanes with
different axial positions. The static pressure difference at the inlet is smaller,
while that at the outlet is greater, consequently the driving force at the outlet
for the gas passing through the bed is greater than that at the inlet, and the

flux of the gas from the inlet to the outlet along the axial direction gradually
increases. The difference between the static pressures at the inner screen and

outer screen n a centrifugal Z type radial bed varies very little along with
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different axial positions so that the distribution of the gas is nearly uniform

along the axial direction.
In the conventional dry regeneration process, the from-top-down

centnipetal Z type flow pattern of the regeneration gas is used in the coke-
burning zone of the regenerator, thereby the gas distributed to the lower bed
1s more than that distributed to the upper bed. But the content of the coke
on the catalyst reduces successively from-top-down; that is to say, the
catalyst in the upper bed contains more coke and needs more oxygen for
coke-buming. Therefore, this type of flow pattern has certain drawbacks in
view of the coke-burning. The from-bottom-up flow pattern of the
regeneration gas 1s used in the coke-bumning zone according to the present
Invention, so the gas distributed to the upper part of the bed is more than
that distributed to the lower part when using a centripetal Z type flow
pattern, which 1s beneficial to the enhancement of the coke-burning
efficiency of the catalyst. For the centrifugal Z type flow partern of the gas,
the distribution of gas flux is relatively uniform along the axial direction
and also has some advantages as compared with the from-top-down
centripetal Z type flow pattern. In sumrmary, no matter whether a centripetal
or a centrifugal Z type flow pattern of the gas is adopted in the coke-buming
zone of the regenerator according to the present invention, it is superior over
the centripetal Z type radial bed of the conventional dry process.
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CLAIMS

1. A process of continuously regenerating catalyst particles
comprising passing deactivated catalyst particles downwardly, in
sequence, through a first coke-burning zone, said first coke-burning
zone comprising a radial bed, an inner screen and an outer screen; a
second coke-burning zone, said second coke-burning zone comprising
a radial bed, an inner screen and an outer screen; an oxychlorination
zone and a calcination zone, wherein said deactivated catalysts
particles are contacted in said first coke-burning zone with
regeneration gas from said second coke-burning zone, supplementary
dry air and an inert gas; said regeneration gas being withdrawn from
said first coke-burning zone and recycled back into said second coke-
burning zone where 1t 1s contacted with said catalyst particles
previously contacted in said first coke-burning zone, said regeneration

gas having a water concentration of 10 to 200 ppmv.

2. The process according to claim 1 wherein said regeneration gas
is dried after being withdrawn from said first coke-burning zone before

being recycled into said second coke-burning zone.

3. The process according to claim 1 wherein the regeneration gas
passes through a catalyst bed of the second coke-burning zone in a
centrifugal or centripetal radial direction and then passes through a

catalyst bed of the first coke-burning zone in a centrifugal or

centripetal radial direction.

4. The process according to claim 1 wherein the regeneration gas
passes through a catalyst bed of the second coke-burning zone in a

centrifugal radial direction and then passes through a catalyst bed of

the first coke-burning zone in a centrifugal radial direction.
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D. The process according to claim 1 wherein the operating pressure

of the regeneration process is in the range of 0.3-0.9 MPa.

0. The process according to claim 1 wherein the regeneration gas
at the inlets of the first and second coke-burning zones has an oxygen

concentration in the range of 0.2-1.0 v %.

7. The process according to claim 1 wherein the regeneration gas

entering the first-coke burning zone is at a temperature in the range
of 410- 480° C.

8. The process according to claim 1 wherein the regeneration gas

entering the second coke-burning zone i1s at a temperature in the
range of 480-3520° C.

9. A process of continuously regenerating catalyst particles
comprising passing deactivated catalyst particles from moving bed
reactors downwardly by gravity, in sequence, through a first coke-
burning zone, said first coke-burning zone comprising a radial bed, an
inner screen and an outer screen; a second coke-burning zone, said
second coke-burning zone comprising a radial bed, an inner screen
and an outer screen; an oxychlorination zone; and a calcination zone
wherein a dry oxygen-containing gas at a temperature in the range of
between 480° C and 520° C is mtroduced into the bottom of said
second coke-burning zone; passing said gas through a catalyst bed of
sald second coke-burning zone in a centrifugal or centripetal radial
direction wherein coke present on said catalyst particles is burned off;
cooling said gas from said second coke-burning zone to a temperature
in the range of 410° C to 480° C by adding dry air and a dry inert gas;
introducing said gas, passed through said second coke-burning zone,
into said first coke-burning zone; passing said gas through a catalyst
bed of said first coke-burning zone in a centrifugal or centripetal

radial direction wherein coke is burned off said catalyst particles;
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withdrawing said gas from said first coke-burning zone; mixing said
withdrawn gas with outlet gas from said oxychlorination zone; drying
said gas in a recovery system wherein said gas is dried; passing said
dry gas through a compressor; heating said compressed dry gas to a
temperature in a range of 480° C to 520° C; and recycling said heated
compressed dry gas to said second coke-burning zone wherein said
recycled gas enters said first and said second coke-burning zones
having an oxygen concentration in a range of 0.2 to 1.0 v %; and
wherein said recycled gas enters said second coke-burning zone
having a water concentration of 10 to 200 ppmv, said process

occurring at an operating pressure in the range of 0.3 MPa to 0.9
MPa.

10. The process according to claim 1 or 9 wherein said inner screen
of the first coke-burning zone i1s a cylinder with a uniform diameter, or

a tapered cylinder with a downwardly reduced diameter.

11. The process according to claim 10, wherein the diameter of said
inner screen 1s linearly reduced from its top wherein its minimal

diameter 1s 60-90% of 1ts maximal diameter.

12. The process according to claim 10, wherein the diameter of said
inner screen 1s reduced at a point 40-60% from the top of the height of
the first coke-burning zone in a straight down manner so that the
diameter at the bottom of said inner screen is 60-90% of the diameter

at the top of said inner screen.

13. The process according to claim 1 or 9 wherein said inner screen

of the second coke-burning zone is cylindrically shaped.
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